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This draft gu~d~~~ce~ when fi~a~ized~ will represent the Food and Drug Ad~~~~ist~at~~~is 
~F~~s~ current t~i~ki~~ on this tcrpic. It does not create or confer any rights far or on any 

erscm and does nclt operate to bind FDA or the public. An alternative appraach may be 
if such a~~r~ac~ satisfkes the ~eq~~fe~e~ts of the a~~l~ca~le statutes and regulations. 

I* 

ante is intende reducers better understand F 
rning ~~rn~l~anc~ with nary draft propose P regulations if 
ewme final after notic ment ru~~makjng. idance 

addresses res~ur~~s~ edures, and documentation for PET drug centers, large and 
guidance provides practical examples of methods or 
rs could use to co ply with possible CGMP re~ujrerne~~s~ In 
ce, FDA has taken into c~ns~derat~~ issues, 

b/c: meetings held with nal 
ET drug ~r~d~cts~ and other interested parties. 

CG re~~~ai~Q#s (or ~~~~~~~~e~~s~ 
egu~at~~ns that are still being de and ~~~~ be ~~rrna~~y proposed under 

tice and comment rulema rapriate, this draft 
‘sed and republished for comment in paratrel lath the pu 
tions. 

inistrat~~n modern n Act of 1997 
ug Administrative ) to establish 
nutriments for p~s~~r~~ emission 



in finat form. 

A will be ~r~~~s~ng sue: re~~~re~e~ts under 
a pre~j~jna~ draft of th proposed PET 

b site at www.fda.gov~~der~fda~a~2~ Zd~a~.~ 
September 22, 1999). The FDA received c tS 

ting oh the subject (Septe her 28, 1999). The 
draft in response to the public ~o~~e~ts. A 
gu~atio~s is being published in eo~jun~t~o~ with 

This draft guidance provides more details for discussion purposes 
~o~p~y~~g with the regulations if they were to be publishe 

odern~zatio~ Act, to aid our development of this 
we closely examined the operations of many PET drug 

it institutions and ~o~~er~ia~ manufacturers. Since the 
became law, signif anges have o~~~rred in PET drug 

Jnited States. The of PET centers has ~n~reased~ as has the 
here PET scans are pe~of~ed. The business of PET 

has changed as vrfeli. ~isto~ica~ly* products were prod 
archers at PET center in u~ivers~tjes and si 

refit ~~st~t~tions, An a~ade~~~ally oriented PET center is usually characterized by the 
ounts (a few doses per day) of a few PET drug prudu~ts for on- 

nt use and a larger variety of PET drug products for cknical investigation and 
academic researc 

n ~~~~~as~~g ~u~~ber of PET betters are no perated by burger for-profit corporate 
entities that ~o~t~~ct with academic and med institutions ~~a~ of which have not- 

u~tion of PET drugs at those ~ns~j~ut~o~s. ost of 
stered on site, althuugh often there is so 

local OF regional hospitals. fn additions a growing number of 
enters are not a~~~iated wjth any university or hospital. T 

ndent~y operated PET cente 
bers of patients, s metimes hundreds of 

Our review of P rod~~tion ieads us to postlude that a PET drug producerJs 
got-fog-profit or for-profit entity does hot have a sig~~f~~a~t bearing on 

- drugs that it produces and distributes for ad~~n~s~rat~on to patients, or 
acifities, and foxtrots that a PET center needs to ensure product 

Instead, production and CGMP differences among PET drug producers are 
a f~~cti~~~ of the size, scope, and complexity of their production operations. 
found that certain pr standards and controls are necessary to ensure 
ction of suavity PET gardless of differences in the nature and scope of 

PET centers. The Agency believes that the welfare of any particular 
a PET scan should not depend on where a particular PET drug was 

manufactured. 
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proposed regulatiQn Qn ents cQntai~s the 
hat we believe are need prQdu~tiQ~ at afl ty 

ters. We have designed fhe C regulat~Qns to be s~~cjent~y f~ex~b~e to 
Qdate ~Qt-.fQr-prQfit~ a~adem~~a ented ~nst~tutiQns that: make PET drug 

rodu~ts for their own patients and resea h use as well as larger ~Qmmerc~a~ 
rod~~ers that serve a greater number of 

centers in understanding t aft d CGMP 
are developing this gu~da sP G MP, in~~ud~~g 

as FesourGes* ~ontrQls, and umentatiQn~ the draft guidance ma 
mme~dat~ons depending on size, scope, and complexity of a PET 

Qns. The draft guidance provides practical examptes of methQds and 
that deferent types of PET centers could use to comply with the pre~~rn~~a~ 

osed regulation also incorporates pr~n~~p~es from t 
acopeia (USP) general cha Fug ~ompo~ndjng” T 

contains standards that are of s~gnj~~ant eg~lat~r~ ~~p~~ta~ce for PET drugs, 
~urre~t~y~ under section 501 (a)(Z)(~) of the Federal Food, Drug, and Cosmetic Act: (the 

PET drug is adulterated unless it is produ in ~ompl~anGe with 
tandards and officiaf monographs for PET gs. Section 121 (b) of 
t added this provisi as a safety net during the time it takes the 
e final regulations. nder section 123 
ears after the date which we estab 

F PET drugs. At t time, complian 
ion will be required. The USP neral chapter Q drug compounding 

sensus views of the PET community and FDA on hQw to prQper~y 
ducts. ~Qnsequent~y, we believe it: is apprQpriate to incQrp~r~te 

/es and concepts in the USP general chapter into the proposed 
CGMP requirements. 

What is a PET Drug? 

ality that requires the 
PET drug exhibits span 

ons (p*) and is used for the purpose Q 
ograp~i~ jmages. The rad~onu~~ide is genera#~y prQdu~ed 

icle accelerator (e.gSI a cyclotrons and has a short ha~f~l~f~. ~~~re~t~y, a batch, 
T drug typically consists of one multiple-dose vial ~Qntaining the PET dru 
erile solution. A sample from the viaf, which represents all doses to be 

that the batch or the lot ~Qnforms to all established 
spe~i~GatiQns. 

pFQduct is typically ministered to patients withes a few minutes to 
preparation. Beta e of the short half-life of the rad~onuclide and 

roducts have unique storage, shippings and 
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nder Section 121 of the ~odern~~at~o 
he USP General Chapter <823> Rad 

until FDA establishe 
ro~ed~res and CGMPs for PET drug products. 

* Whit are CEMPs? 

ices are the methods~ fa~~l~ties* and controls used in the 
ing, pa~kag~ng~ or hording of a drug. A current good manufacturing 

f is a minimum standard that ensures the drug meets the requirements 
identity strengths q~a~~ty~ and purity ~hara~ter~sti~s it is 

Ps are demonstrated through writt n documentation of 
ractices. The documents and practices may be similar or identica 

ices requested by other oversight bodies (e-g., NRC and state 
cements produced for others, where appropriates can be used to 
ntat~on of compliance with GGMPs. However, because of 

~~st~t~t~o~al~ locaf, r state differences, some of these documents 
s~~i~~e~t overlap t e issues in this guidance. Therefore, to ensure uniformity 
for all patients and human subjects, where overlap does not exist, supplemental 
documentation should be developed. 

regu~a PET drug products~ Section 121 modernization 
ire&s ropriate approval procedures for rugs pursuant to 

ection 505 of the Act, and appropriate CAMP requir ems. fn the course of 
eve~op~ng these approval procedures and GGMP r rements, a question has been 

raised ~on~ernj how to distinguish PET drug prod n from the practice of 
ion of which FDA has traditionally deferred to State and local 

author~ties~“~ 

rodu~tio~ of a PET drug product would include alO 
int of fina! release of a fi~ishe dosage form (intrudes unit dose 
dose containers pharmacy bulk pa~kages~~ and the 

GMPs. After a ributed PET drug product is receiv 
ministration to patients, FDA generally regards subsequent use of 

rug product as part of the practice of medicine and pharmacy. FDA generally will 
defer to State and local authorities concerning regulation o such activities. 
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the distrj~u~~~n of PET drug p 
men&. In general, a routine FDA ins 

uld focus on a~tiv~~~es u 

also wuuld be 
tu ensure 

nat release of a 

n the following sections, the draft guidance intr uses each section by 
e relevant draft requirements from ~r~~irni~a~ draft proposed 

eetion then provides more detailed current thinking. Certain 
s in the ~re~~~i~a~ draft proposed reg~ia%~~~s are self- 

~x~~a~at~~ and have not been further clarified in this guidance. 

ulatory RequZrements 

~~ruposed 21 CFR 212.1 wuuld require a P T center to have .a 
r of personnel ante the n~&essa~ educations backgrounds training, an 

erform their assigned funct~Qns correctly, Each center 
also child have urces, ~~c~~~~~~ equip ent and facilities~ 

The sectian ef the g dresses personnel. guidance OR resources 
cequ nd fa~i~ities~ is p ided in Section V. 

Organization and Staling 

to the size and can lexity of the o~e~ati~~ 0 
bfe a PET center to atis~a~t~~~l~ ~u~p~ete a 

tasks in a timely manner* Rega ss of the size, scope, or complexity of the 
there should be clearly ~rjtten 

quality nostril 
ties des~~~~ng 

units (those persons with a~thur~ty and respon 
r~ces~~ see ~e~t~~n IV) are staffed and managed. The org 

ter and the r~sp~ns~~~l~ties and assi 

For a PET center tha f a PET drug for its own 
may be adequate to ernp~~y on ion 
nostril functions. The PET ce n 

and qu~~jty cwrtraf fun~tiu~s can be consistently a~c~rnpi~s~ed in a timely and 
ac&ept~~~e manner. One individual can be designated to perfor the production as well 

y &ont~~l functions, provided he or she is highly quafifie in the ~e~or~a~~e of 
fun~t~Qns (Le., has a degree, documented trajning, and significant experience in 

P regulations in 21 
rious stages of 

art 211 I FDA normally requires second- 
as well as test v~~~fi~ation. in a PET 
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to pe~~rrn prudu~ti~n uafity ~~ntrQ~ tasks, 
his or her own work. hecks involve the 
own action and shou e d~~umented* 

ck activities include reviewing batch records before release af the 
ibution and veri~~ng ~al~~lati~~s in analytical tests, 

r that produces larger quantities a~d/~r multiply P 
be adequate to manage p tion and quality co 

17 ~perat~~~s become larger an ore complex, the p 
ntaminati~~ increases. Pers should, therefore, 

se~~nd~~ers~~ checks to verify each Gr~ti~al step in pr~du~tjun and quality control* 

rsen pe~~rm~ng an activity or a f~n~t~Qn in the reduction and quaff 
rug product should have the appropriate education, tra~~~~g, and experience 
o that function and be trained in GGMPs relevant to their assigned tasks, PET 

adequate ~n~~jng p ms or plans in place for 
ocedures and opera and in the areas where 

occurred. 

T ~ent@~s Sh~Ul ~ajntajn an update ile (e.g., ~u~~~ulum vitae, copies of de 
certificates, ~e~if~~ate of training) for ea 

wound require PET centers to have a quality 
sed regulat~~ns~ the quatity control unit would have the 

authority and r~s~ons~~i~ity to pe~u~ the furrowing tasks 

versee production erations to ensure that PET drug 
adequately defj~ed identity~ strengths qualjty, and purity 

irre and approve or reject ainers, closures, in-process 
ials, packagjng materials, in the production of PET 

drug products to ensure that all urrent specifications 

ine and approve or reject PET drug 

xarn~r~~ any procedure a~ec~~ng production, testing, and s 

reduction regards for accuracy and completeness 



* unsure that all errors are investigated and corrective action is taken 

I The QuaIity Controf Unit 

trd unit should 
My. The quality control unit 
that the correct material is 

and stored. Before any material is released for pr~du~ti~n~ the quality control 
fd ensure that the material meets its established s~e~~~~at~~ns~ Such 

evacuative can inelude testjng of the material (see Section Vf, Control of CO 
I-S, and Closures). 

he ty ~~~tr~~ unit should ensure that prQ~edures and speci~~at~~ns averting 
rod n and testing of a PET drug product are adequate for th r intended ~ur~~ses* 
r~~edures and cifications should be reviewed and approved 

ity ~~~tr~l unit also should opcEsed changes to procedures et- 
tions before they are imple he quality control unit should investigate 
d ensure that ap~ru~riate corrective action is taken to prevent their re~u~en~e~ 

lity ~~~tr~~ unit should review the pr~ductiQn batch re 
~~~tr~l records r conformance to established s~e~ifj~at~~ns 
release or rejection of a batch or 1st of PET drug product 

The staling and r~sp~~s~ uality control unit should be ~~ns~ste~t wi 
r~c~rnrn~~dat~~~s provid ItI of this guidance. Small PET centers ar 

raged to uss an outside consultant or an independent expert to periodically audit 
ma~ce of q~aljty control functions. In large PET centers, the quality ~~~tr~l chit 

independent from the production unit. Decisions made by the 
ect batches should net be subject to further review or- rev~cati~ 

~rga~~~at~~na~ unit or person. 

raft proposed 21 CFR 23 auld require that a PET center have 
adequate fa~i~~t~es ensure the order ng of materials and equipments 
~f~~~~t~~n of mix- s, and the preven ~ntami~at~~n of equipment of p ct by 

substa~~~s~ personnel, or e~virunmental ~ond~tiuns. 

21 CFR 212.30( require that all equipment that wound 
y be expected to adversely affect the strengt quality, or purity of a PET drugs 
Q~e~us or invalid test results when imprope used or ma~nta~ned~ is clean, 

7 
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r its untended purposes, property instal~ed~ maintained, and capable of 
y producing valid results. equipment would have to ~nstruGted SQ that 
that contact ~ompon~nts~ in-process materials, or dr 

rea~tjve, additives or absorptive so as to alter the quality of the PET drug product. 

4. Generaf 

uction, radiochemjcal production, and 
~o~~ponent storage) and to allow completion of all f~du~t~oR-felated tasks 
in an orderly manner. Potential sources of contamination that should 
considered include pa~~cu~ate matter and chemical and rn~~rob~olog~~a~ 
materials. The lead-based radiation shredding should be properly eovered 
to prevent lead contamination of the product. 

otential for mi~robjo~ogical c 
ropriate environmental cord 

iiity of such contamination (e.g., i 
), or barrier isolator system). 

ion 

~a~ernent of equi ment and materials should carefully evaluate 
mote efficient up rati~~ and efiminate errors, x-ups, and cross- 

~ntam~nation. Afl equipment used in production (e.geY particle 
a~~~lerator~ s~nth~sjs units, or other specialized equipment) should be 
appropriately located and housed (e.g., with shielding) so that alt the work 
areas du~ng the normal course of production are easily accessib 

Related work areas should also e organized and y located so as 
to promote e~c~ent opefat~on an el~rn~~ate the po 
production and control operations. Access to work areas, production a 
testing eq~j~rnent, ~omponents~ cantainers and closures, and the PET 

roducts, should be restricted to authorized p 

all PET centers, t e same area or room can 
ses. For example, t e produ~t~un (e.g., radio 

lab~)r~to~ operation (e-g., release testing), and storage of approved 
~o~~ponents, including containers and closures, can be located in the 
same room. components that are approved for use as well as those that 
are under quarantine can be stored in the same area ur on a deferent 
shelf in a cabinet, provided each lot is prop&y labeled as to its status and 
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convents and organized in a manner that avoids mix-up or unintended use. 
~ej~~cted ~ompo~ents~ containers and closures, and other materials 

arately from quarantined or approved materials. 

rs having relatively complex operations, se 
ned areas or looms may be warranted for ch independent 

function of the ope~atjon, such as production, testi and storage of 
components. Large PET centers that handle large numbers of 
components and PET drug products should organize their production 
facilities in such a way as to prevent mix-ups and contamination. It is also 

ortant to consider what impact a greater vernier of personnel and 
activities could have on the aseptic processing p~~~o~ of the process. 

work area should be suitable for the preparation of a 
uality in the aseptic professing area sho 

controlled to limit the presence of microorganisms and 
matter. Critical activities in the production and testing of a PET 

drug product that expose the PET drug product or th sterile su~a~e of the 
conta~ner/c~osure system to the environment should e conducted within 
an aseptic workstation with a rating of Glass 100 fe. , a LAWN or barrier 
isolators. Examples of such activities include (I) the aseptic asso 
sterile components ~syring~, needle, filter and vial) for sterile fj~tra 
the PET drug product, (2) storage of the sterility samples, and (3) sterility 

ting of the finished PET drug product. The f~~~~w~~g precautions should 
taken to maintain the ap fopriate air quality of the aseptic workstation: 

e aseptic workstation should be sanitized be re each operation* 

container assemblies should be prepared at the beginning of 
before other daily activities begin an jtjonal personnel have 
entered the room. 

l~ems within a ~arn~nar a low aseptic wor 
r~~n~rnurn and should n nterrupt the air-f 

erators should wear a riate lab coats and sanitize 
en conducting an aseptic manipulation withes the aseptic 

unloved hands s be frequently sanitized when working in the 
aseptic workstation. Gloves should be examined for damage ~tears or 
holes) and replaced if they are compromised. 

9 
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+ The surface of nonsterile items (e.g.l test tube rack, a 
for sterile syringes, and filters) should be sanitized an 

ropriate d~sjnfe~tant (e.g., 70 percent isopropyl alcohol) before 
being placed in the aseptic workstation. 

Condjt~ons in the room where aseptic manipulatjons are conducted should 
nut present a challenge to the operating capa iMy or the aseptic 
workstation* For example, t urn should not be Garpeted and should 

no overhanging pipes t fixturesS All areas of the 
&ion and processing easify accessible for czlea 

Surfaces of the walls, floors, and ceilings in the aseptic work areas s 
be easily sanitized and capable of withstanding frequent sanitizing. 
Cleaning and sanitizing should be performed 
su~~~~~nt and consistent control of the environ 

of dust and particulate into the aseptic work area. 

pment used in the rodu~t~on, professing, or packaging of a 
product should be ap priate for the pe~orman~e of its inte 

m~nate the product. Each piece of 
located to facj~~tate its use, ~~ean~ng~ and 

ma~r~tenance. The PET center should establish and follow wrjtten 
procedures that address the fol~owjng issues, where appl~~able~ 

0 Assignment of responsibility and frequency for cleaning an 
maintenance of equipment 

* description of ~lean~n and maintenance procedures in s~~~~~ent 
detail to include disassembly and reassembly of equipment 

a Protection of clean equipment from conta inat~on prjof to use 

* lnspe~t~on of equi ment and ~al~brat~on~ if ~ndicated~ prior to use. 

ach PET center should select suitable cleaning agents and cleaning 
chn~ques and ensure that their cleaning operations do not ~untam~nate 
e drug product. 9 

ewiy acquired equipment should be qu 
at it was jnstalled correctly and is cap 

before first use to verify 
operating as untended- 
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There should be a preventive maintenance schedule with su~c~ent 
frequency to ensure the corre 
needed, calibration should be prior to the use of the 
for the j~tended task. Calibra 
mar~~fact~rers should be followed unless the PET center has determined 
that more frequent calibratiuns are needed. Major repairs or upgrades in 
eq~~prne~t may warrant a~funct~on~ng or ~ncorfect~y 
uperat~ng equipment sh until repairs or corrective action 
have been made and t een found to operate correctfy. 
All ~~~al~ficatio~~ a ce activities should be ~~oper~~ 
documented, including the date of such pe~ormanc~ and who pe~ormed 
them. 

re~ogni2es that a ~umbe f PET centers may cunt~~ue to use 
ing equipment when they come subject to the requirements of the 

GMP regulations. PET ters should make sure that the e~jsting 
ent is working properly and is being ai~ta~ned and calibrated 

according to w~tten procedures. 

~e~~resentat~ve e uipment is discussed 
controlled in a PET center. 

a. Automated rad~ochem~cal synthesis apparat 

The apparatus should en the PET center to carry out the production 
reliably and repr rovisio~s contained in the LISP 
Chapter clO15> ~#~o~a~e~ ~a~~o~~~~~ca~ ~y~~~~sjs A~~a~a~~s 

should be considered to help ensure proper f~nct~o~jng of a synthesis 
apparatus. 

rim- to the production of a rug product bate r the operator should 
conduct a pe~ormance check to ensure the fo~lo~~~g: 

e synthesis apparatus has been cleaned/ flus 
established procedures. 

* All the tubing, reaction vessels, purification colu s, and 
other materials have been replaced and tonne 

and or recording devices (e. -, temperatures 
nct~oning properly. 

* nt recess is under foprocessor control, the op Id 
re the system is fu oning and recording correc 

the correct program and operational parameters are used. 
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s Aseptic Workstation 

station provides an ap ropriate environment fur aseptic 
scedures. Examples of workstations i dude a laminar air flaw 

ench (LAFW) OF barrier isolater system. 
cted at ~nstal~at~~~ ~includ~~g after each 

e~~ciency particulate air (HEPA) filter 
~e~i~catj~~ of the aseptic works~at~~ med when the knot 
is initially installed and at least every r to ensure the 
desired air quality. More frequent Ee 
is fc~und to be unacceptabje~ for exa 

ing of st~r~~~ty failure in a PET’ drug, or if leakage or decrease in optimal 
airflow is found. 

~alif~ed operator should cha ge the pref~lt~rs in t e aseptic w~rkstat~~~ 
r~~d~cal~y in accordance with ritten procedures a 

schedules, Same laminar flow hocds are equipped with 
le static pressure gauges that indicate when the pressure 

uilds up behind the fitter ecause cf the clogging cf the filter. The filter 
shQu~d be changed when clogging is detected. 

Laminar airflow veracities should be rn~~~t~red p~r~~dica~~y at the work s 
surface as welt as at the H PA filter face to ensure adequate uniformity of 
flow throughput the critical area. Operators should be trained on the 
~rnp~~an~ of min~rn~zjng objects and equipment within the critical area so 
~am~nar airffow is not disrupted. 

c. Electronic or analytical weight bafance 

n procedures shoufd e available des 
e, assessment of ac 

more standard 
used fur assessin 

failure to meet daily pe~~rmance checks, 

d. Dry-heat ovens 

eat-stable materials are depyr~g~nated and ster~~~~ed 
~~-~~jte, the PET center should validate and docum 
depyr~genat~~n cycle wilt achieve at least a S-log reduction of an 
end~tu~~n challenge, as measured by a bacterial e~d~t~~jns fest. A 
suitable challenge study should involve random p~ac~ment of endotoxin 
j~dicat~rs in a representative oven load of materials. Suitable end~tQxjn 
j~d~cators include glass vials that contain 1,000 to ~~~~~~ ~ndut~xin Units. 
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s High p~~orman~e liquid ~hromatograph (HPLC) 

LC is used for ur~~cat~on of a PET drug, the operator shout 
ensure that the system is working properly and there is no bleeding of 
u~~r~tended materials (e.g., ~o~urnn maternal) into the mobile phase. 

f. temperature rewording device 

e temperature and humidity (where appropri 
refrigerator, freezer, and incubator should be re 
when in use, Automated recording devices are 

o~~mentat~on and for recording any deviations. 

T center should have t e necessary equipment to adequately 
erform each quality controf function that it intends 

~e~~r~se~tative quality control equipment can include: 

a, Gas ~h~omatograph (GC) 

Prior to its use, the analyst should make sure that the GC system is 
functioning correctly. Appro riate system suitability testing procedures 

nd criteria (see USP General Chapter <62#> C~~~~~~o~~a~~~) should 
he/p ensure the correct performance of the GC system. 

High pe~orman~e tiqui ~~romatograph ~~~L~~ 

e HPLC sys should have detectors that are itable for the ~~tende 
rpose. The ctor should be of subagent sen vity, and prior to its 

use, the analyst should make sure that the HPLC system is functioning 
~o~re~t~y~ System suitability testing procedures criteria (see USP 
General Chapter ~621’ C~~~~a~o~~a~~y and F reviewer guidances 
~e~je~er Gffj~a~c~ - Va~j~atjQ~ of c~r~~at~~ra~~j~ ~~t~~~s 
(November 1994) should help to ensure the correct e~~rman~e of the 
HPLC system. 

6, Dose calibrator 

ose calibrator that gives a printout should be used and tested fur (‘I) 
accuracy at installation and at least annually there~~er using at least two 
NIST traceable sealed sources in the energy range that covers the energy 
of the PET radioisotopes (2) linearity in t e range of measurement upon 
i~sta~~ation and at least qua~erly thereafter; (3) geomet~ dependen~e~ 
over the range of volumes and volume ~~nfig~rat~uns, at ~nstal~at~~~; and 
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(4) precision on a daify basis. Nuclear Regulatory Commission 
reg~~atiuns (under IO CFR 35.50) should be followed for the procedure 

acceptabte criteria for the above calibrations* 

d. Radjochromatogram scanner 

radiochromatogram scanner (or equivalent equi ent that provides a 
r~matogram) should 
tion in the developed 

r or plate). The scanner should hav 
ution for the intended d~scr~m~nato~ and quantitative objectives 

~a~ufact~r~rs’ recommended checks and maintenance should be 
e~~rrned on the radiochromatogram scanner (see USP General Chapter 

<82 I > ~a~juact~ujty). 

e. multichannel analyzer ( 

~lt~cha~nel spectrometer coupled to a calibrate sodium iodide 
~i~latjo~ detector (or preferably with the higher r so~utiun ge~ma~jurn 

lithium compensated, Ge (Li) detector) shoutd be useful for the 
determination of radjonucl~d~c purity and for the ~dent~~cat~o~ of the 
radionuclid~* The overall system should have s~~ic~en~ sen 
resoi~tion for the untended purpose (see USP General Chap 
~a~~oac~~u~~y)* Adequate calibration using NET traceable st 
preventive maintenance should be performed a vals specified in a 
written procedure and as recommended by the ment manufacturer. 
More frequent intervals should be used if probl the uperat~on of the 
MCA are encountered. 

t. OF COMPONENTS, CONTAINERS AN5 CL 

draft ~~rop~sed 2 CFR 212.40(a) and (b) would req 
a~~tai~~ and folio writes procedures for the contrul 

c~nta~~e~s~ and closures. There would have to be appropriate written spec~~cat~o~s for 
compo~ents~ containers~ and ctosures. 

rup~s~d 21 CFR 21240(c) would establish t e minimum standards for cuntro~l~ng 
nts, contai~ers~ and closures from re eipt to consumption. 

21 CFR 2~2.4U(d) would 
be handled and stored in a rna~ne~ 
deterioration - 

require that cumponents~ conta~ners~ and closures 
that prevents contaminations mix-apse and 

14 
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21 CFR 212.40(e) would requir that PET centers ke a record of eat 
of each lot of components, containers, and closures t they receive W 

cedu should be establishe aterial ~G~rn~~~~~~s~ 
and sures) will be selected and controlled in PET centers. Procedures 

cover the life cycle of a material, from time of receipt to ultimate consumpti~~” 
recess for procurement and use of materials should include the f~llow~ng 
nts, where applicable: 

I. 

nfy qual~f~ed vendors shoul or becomes q~al~~ed when 
ere is evidence to support a material that consistently 

meets all quality speci~ca~io~s. PET centers shouf obtain assuraflce 
from a vendor that the vendor will report any major than 
manufacture of an item. It is preferable to have more th 
vendor for a component. A vendor should be replaced if there is an 
~ndi~~at~on that it is supplyin ~nsat~sfa~t~ry ~a~e~ia~s~ 

2. ~ecej~t of ~a~~r~~~s 

lot of rnate~a~ should be checked upon receipt to determi 
was filled correctly and arrived in good ~ndit~on* Each lo 

logged in and assigned a new ~denti~catio~ number. The cade 
number should be used in the disposition o lot. Su~i~jent informat~~n 
should be d~~umented to ena le the PET center to have fttlf aec~~n~a~i~ity 
and traceability of each lot. Before release for use, ~n~orn~ng maters 
should be segregated and placed under quarantines A lot can then 
inspected, sampled, and tested, if applicable. 

3. 

lytical results in the ce~i~cate of analysis (C A) far each lot of 
ming maternal should be inspected against the PET center% current 

specification sheet to ensure that acceptance criteria are met. At a 
m, certain components described below (see Acceptance Testings 
be tested to con~rm their identity before they are accepted and 

released for use in the production of a PET drug prudu~t. 

aterials that melt a PET center’s specifications can be approved and 
released for use. Such release should be recorded and the ~xam~nat~~n 
and testing data maintained. tt may be helpful to have a component 

oak to record information such as receipt date, quantity of the 
ment, suppl~er*s name, lot number, expjration date, results of any 



testing ~e~~r~ed~ and perscm f~~~~~s~~l~ for ~efease? ~~~F~v@~ 
laterals should e labeled A~~~~v~~ with an identi 
storage conditions, and expiration date, Materials sh 
the proper storage c~~d~t~~~s and in an area desjgnated for approved 
materials. tf a tot is rejected, it should be labeled ~e~~~~~~~ s~g~~gated~ 

~~~e~ly disposed of, and each of these actions should be 

should be stored under t e ~Q~dit~o~s re~~~~e~de the 
(e.g., t~~~eratur~ and hu~idi~). Moisture sensitive erials 

s~~~~d be stored in desiccated devices in sealed ~~~ta~n~Fs. There should 
an expiration date for each item. PET centers ld have a ~~l~~y 
t guides the expi~atiun dating of items, by cats gender assigned 

expiration dates could be used unless the in-house date is sagger- 

a. Reagents, sQ~vents~ 
materials 

PET centers should have ~~Qc~du~es i ace to ensure that 0 
atefials meeting a~~li~ab~e s~ecifi~at~ s from a~~~~ved reli 

are used. The COA and container label for each sh~p~@~t of 
erials should be examined to ensure that atl s~e~if~~ati~ns are met. 
me of an identity test is ~e~~~~ended~ but not required. Most PET 

centers ~ur~e~t~y employ ~~c~~-s~ale c~e~~st~ and use relatively small 
a~~~~nts of sofvents OF reagents in the automated fadi~che~i~al 
synthesis. The amount of solvents OF reagents in the finished pr 
ty~~~a~ly reduced QF elj~~nated during p~~du~t~Q~ or pur~fj~at~~~ 
procedures. Residual reagents, process ~~~urities~ and solvents can be 
~dentjfied during gnashed product testing. 

. C~~p~n~nts that yield an active ~ha~~a~eut~cal ingre 
and inactive i~g~ed~e~ts 

rider proposed 3 21240(c), PET centers would have to ~~~du~t i 
testing on each lot sf a ~~~~~~e~t that yields an API and OFI each tot of 
i~aet~ve ingredient. In addition, each tot of such a ~~~p~ne~t OF an 
inactive ingredient would have to be tested for cu~f~r~~ty with fretter 
s~e~~f~~ati~~s. PET centers that do not perform such testing can accept a 
lot on the basis of a CQA an that lot from the su~pf~er provided that they 
have established the reliability of the supplier’s test results and that t 
~e~~~~ at least one identity test on each such lot received. in those 
cases when specific tests exist, they should be used. The rel~ab~~~ty r>f the 
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s~p~~~ef~s test results can establish c ing independent 
testing and ~~n~rrnati~n CI e testing S first three tots of ttx? 
~~~p~n~nts received and at appf~pr~ate intervafs thereafter (e.g., 
semiannually or because of a change in spe~~~~atj~~s~. 

ll~w~ng are examples of testing of c~rnp~n~nt~ that yiel 

* For the pr~d~~t~~n of ~~de~xygfuc~se F 18 injection (FDG F 18), t 
~~m~~nents that yield the API are 0 18 water and ma~n~se triflat 
reaction-bases identity test far 0 18 water is t 
nuclear bombardment. A~ternatively~ the identi Q 18 water can be 
established by mass spectroscopy. A specifi 
~e~~rrned on mann~se triflate using infra red 
nuclear magnetic spec~~~s~~py (N~K) analysis. 

0 In instances whew F ‘I8 fluoride is obtained from outside su~pl~ers~ a 
PET center should establish appropriate aceeptan~~ prQced~res that 
include exarn~nat~~~ of the COA to ensure that each lot is acceptable 
for use in PET drug product prQdu~ti~n. 

+ ff the target material (0 18 Waters is recycled, a pr~ved~ and val~dateds 
~~f~c~dufes on how the FepfocesSed lot can be aG~e~t~d fc% use should 
be established and used. 

inactive ingredients in rugs usually con t af a di~~e~t~ a 
ifizer, andfor a pfeserv Under proposed 212.4~~~~~~ ), if a 

~r~~~~ct that is marketed as a ~njshed drug product intended for 
aven~us administration is used as an inactive ~~gred~ent~ it would not 
necessary to petiorm a ecific identity test for 

sed $j 212.4Q(~)(l) al states that if an inact 
sodium chloride solution) were prepared on s 

the components used to make the inactive ingredient ‘would have to be 
~~~~rrned before they were released for use. 

6, CQmmerc~ally avaifa ble ready-TV-use sterile, ~yrogen-frees sealed 
c~ntainer~cl~sure systems for injections, syr~nges~ transfer sets, 
and filters used in aseptic process 

PET centers should use ap roved and reliable spurges for these 
Under proposed 5 2~2~4~(~~(3~~ a visual ident~fj~ati~n of each lot of 
containers and cfasures wauld have to be conducted* A COA shaming 
conformance with the established specifications should be ~btajned before 
a~~eptjng each lat of the c~nta~ner~cl~sure system. The ~~ntajn~r/~l~s~re 
system should be property stored under appropriate ~nv~r~nmenta~ 
~~nd~tj~ns (e.g., correct temperature, humidity, and ster~lity~. 
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If the sterilization and depyrogenation of the ~u~ta~~er~closure are 
&armed on site, vafidatio of the efficacy of e 
emonstrated- Validated p cedures should be 

ity control unit has determined t 
criteria, the material should be 

ot of maternal has met 

approved materials would have to be handled and 
in a manner that prevents degradation of contamination. 

~a~eeptable materials would have to be promptly rejected, ident~~ed~ 
and segregated to prevent their use prior to appropriate disposal. 

Records 

reoofds would ave to be kept for each 
onents, containers, and closures at the 
g results of any testing pe~orme 

ulatcwy Requirements 

draft proposed 21 CFR 212.50 wound require adequate production an 
trols to ensure insistent produ~~on of a PET drug product that meets the 

standards for id~nt~ty~ strength, quality, and purity. Under 
># PET centers would be fequifed to have written products 
edures to ensure and document that afl key process parameters are 

controlled and that any deviations from the procedures are justified. 

ire PET centers to have a master production and 
steps in the PET drug production process, and 
in the master production and control record, 

12.50fc) would that a batch pFuduct 
odu~tio~ record te for each new bate 
T drug product would be u uely identified, and its batch record wound 

include each pro u~tiun step, weights, a identification codes of ~umponents used, 
dates of ~rod~~ti n steps, identification of major equi msnt, testing results, labelings 
names of persons pe~~rmi~g or cheeping each sign~~~ant step in the ~perat~~n~ and 
any investigations conducted. 

9 2~2.~~~~ would require that the recess for each PET drug 
e validated according to estabfishe procedures. Vali ion a~t~v~tjes an 

G$4259dft.&x I 
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ave to be documented. The quality control unit would ave to approve 
the validation process and the results. 

Master Production and Controf RecordlBatc Production and Control 
Record 

F production and Contfol fecofd is the principal docu 
e. It serves as a template for ait batch recur 
e produced. The quality contraI unit should approve the master 

and co trol record, QF any changes to it, before it is implemented” 

suitable controls should be initiated to consistently produce a product with the 
attributes. The master production and control: record sho 

icaf step-by-step instructions that document how the P 
Prod~~~t~on can be discussed under head~ngs~ where applicable 
operations radiochem~~al synt esis, purifj~ation steps, and form 
duct, The entire production p cess should be pre-established and ful 

des~~ib~d in the master production and control record, which a di 
e~u~pme~t and ~nstrumentat~on that wifl be used in a specified FOl 

Pa the approved production process The master pfod~ction and control fecofd 
Sh include valid specifications for each critical step. Under proposed 5 2~2.5~~b~~ 
the master production and control fecofd should incfude the following: 

Q The name and strength of the PET drug product in ~~q/rn~ or rn~i~rn~ ~stre~~t 
should be measured at a calibration time jmm~d~ately after 

0 If applicable, the name and weight or measurement of API per batch OF 
unit of weight or measure of the drug product and a sta nt of the total wei 
or measurement of any dosage unit 

Q ~ornplet~~ fist of components designated by names and codes ~component 
code) su~~iently specific to indicate any special quality ~hara&terist~~ 

entjf~cation of all major equi ment used in ~rodu~tion of the dru 

* a~~~rate statement of the wei 
ch forrn~~a~~ tn the process of 

~omponent:s are weighed QF mea 
should be fecofded in terms of radioactivity units 
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stat of the action limit on radi~~hernj~a~ yield fi.e,, the maximum and 
inim rcentages of yield beyond which i~vest~~ati~n and corrective action 

are r~~~~f~~~ 

plete instructions for ~r~duct~~n, control, and testi 
certain PET drugs, such as FDG F 18, inv 
ing, exposrat-e to organic solvents, heat~ng~ 
cation media, a sterilizing ~~trat~~n- There should be a des~r~~ti~n 

all ~~“~r~~ess steps and th controls so that the operator and qualms ~~~tr~l 
it can ~~nfirrn that all steps are completed within speci 

asible. CkM.rols for movement of liquids or gases sho 

d~s~ri~ti~n of the PET drug pro 
ateriak, ~~~~uding a s~e~~rnen o 

s, ~l~sures~ and 
label and afl 0th 

A batch of a PET drug product is a ~r~def~ned qu 
to have uniform character and suavity. 
onsists of the PET drug pr uced in a single synthesis an 

Far ammonia 
cter and quality, and they are produced ac~urd~ng to a 

der during one su~~ess~~n of multiple irradiation using a synthesis 

ire the use of a batch record to document the 
tch. Inf~rrnatiQ~ in the batch record should b;e an 

electronic copy) of the master ~~Qdu~ti~n record, The 
ist documenting, far exampte, that alf 

and their cc~~tr~~ls were carried out, timed events recurred within speci 
s occurred at the specified temperatures and jngred~ents were ~r~~er~y transferred 

reactive vessel. The batch record afso should contain a ~~rn~~lati~~ of t 
touts that led to acceptance of the final product. The batch production a 

record enables an operator to fully document and establis 
s~~c~~~ fats of ail ~~rn~unents~ ~~ntain~rs~~~~sures, and e~u~~rne 
~r~du~ti~n af the PET drug. 

21250(c), ~nf~rrnati~~ s atch record would inclu 

Q ique ident~~er or number for each batch (an identifier QP number also should 
~r~vid~~~ for each sub-batch produced) 

* ates of ~r~du~ti~~ steps 

+ ld~nti~~at~~~ of major pieces of equipment used in the manufacturing 

e ctuai weights (or measures) and identification codes of ~~rn~une~ts used 

G +?fmxwt. doe 20 
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cling (a description of the ~nished drug product container la el and the lutes 
container label should be included) 

ent~~cat~~n of the person ~e~ormin and checking each si 

esults of any investigatj~~s conducted (t 
any deviations and follow-up investigations) 

~~s~~ts of finished PET drug ~rffdu~t testing 

should include d~~urnenta 

hen entries are made in bate= records, an entry should 
~e~~rrn~ng the activity (in the order ~e~~rrned) and shoul 
or initials) making e entry. ~~frect~Qns to paper entries s 
i~it~aled~ leaving t original entry still readable. Correcti 
should be recurred according to Part II (21 CFR Part 1 ‘I) ~lectr~n~~ Records; 
~le~tr~n~~ signatures), and there should be an audit trail to dQ~ument the charges. 
Each batch record shoul be reviewed and approved for final release (signatures initials 
and date). 

ost PET drug products are designed for parenteral n and are traduced 
y aseptic processing. The gaat of aseptic ~r~Gessi~g is to mak a product that is free 

of rn~~r~~rganism~ and toxic rn~cr~b~a~ byproducts, most notably acteriaf e~d~t~xjns* 
The use of aseptic technique and control of rnicr~bi~lug~~al imp ties in ~~rn~unents 

~irn~~ate rn~~~~~ia~ and endotoxin ~~ntam~natiun from PET drugs, Asep 
ssing of PET drugs shoufd inv&ve rn~cr~b~Ql~g~ca~ control over various es of 

~~rn~~nents, as discussed below. 

~r~du~tj~n processes that are relatively free of cater portent or have 
rigorous chern~~al processes are unlikely to have rni~r~b~a~ or end~t~x~n 
~untaminants. PET centers often use ~~~e~ for j 
approved drug product, using finished packaged 
for the PET center ta rna~~ta~n and validate a sterife eater system.. 

~~nsterj~e water can devefo s~gni~ca~t rniGr~bia~ growth in a matter of 
days. Production processes that are water-inte~s~~~ should have 
su~~~ient controls to avoid microbial growth and development of ~iu~~rn 
(bacterial ~~~~~~zatj~~~= ff ~~nste~~~e water is a~l~w~~ to stagnate in a 
container or tubing, biofifm will develop. Tubing and glassware should be 
washed, rinsed, and ~r~rn~t~y dried to minimize their contact with water. 

21 
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2. Wassware 

Glassvvare and heat-resistant containers are r~~at~v~~y easy to 
microbial gruwth and pyrogens because they can be ~~~r~~r~a 
wrapped in foil and terminally stefili a suitably do-heat cycle (see 
Section V). Control procedures for terns should include ~r~rn~t 
gleaning after use, rinsing with puri~ed or WFI wa 
aluminum foil, and de~yr~genati~n by a suitabfe 

3. Transfer Lines 

transfer fines, which are used for synthesis and transfer of solvents or 
~r~~~u~ts~ are usually made of durable plastic and are amenably to reuse. 
Prompt cleaning with organic solvents after use, rinsing with 
with a volatile solvent, and drying with nitrogen are measures that help to 
c~~~r~~ microbial c~~tarn~~atj~n. Organic solvents such as ethanol and 
acetone are usefuf as a final rinse and are easily dried from ~~ntai~~rs or 
lines. 

For drugs with a very short half-fife (e.g., arnrn~~ja N K!Q1 s~met 
a Ii3 id line is used to deliver multiply batches af the product ~C&J 
to a remote area far further processing. These fluid lines should be clean 
and free of pyrogen ~~~tarn~~at~~n for their duration of use. 

Resin columns are a potential slurps of microbus and ~yr~g~~s because 
they can carry m~~r~~rganisms. If available, the purchase of IQw-rni~rQb~a~ 

rade resin material may limit bioburd~n. Material used for ~re~ar~ng 
columns should be suitably processed and rinsed wits a large 
nt of WFJ to control ~~~tam~nat~~n. The ~r~~a~ed c~~urn~ should be 

a~~~~~riately ~~shed~ Refriger ted storage is helpful in ~~nt~~lli~g 
~~~taminati~n. Wet columns s auld not be stored for a ~r~lQ~g~d period 
of time. 

22 



IUUI 
1 UQ2 
IQ03 

lull 
-lu12 

1018 
1019 
-IQ20 

1028 
1029 
1030 

1032 
1033 
1034 

Only personnel trained in aseptic techniques should conduit aseptic 
recessing. Pers~n~~~ pe~~rrn~~g aseptic pr~~ess~~g should ual~~~d 

edia fill, which is a s~rnu~atj~~ of the r~du~tiun process. 

Aseptj~ professing in PET drug r~du~t~Q~ normally consists of, 
~irn~te~ to, (I) the aseptic assembly of the ~unta~ner~~~~sure system 
(syringes needle, filter and vial) and (2) sterile ~ltrati~~ of the PET drug 
predict. Prospective operators can quali septic professing by 
pe~~rmi~g media fill runs using bacterial media instead of the 
actual drug product. An operator shuuld te three successful media 
fill runs to qualms as a new operator. Each operator should be re-qualified 
annually. 

Even if care is taken to minimize micr~b~ol~g~~al tarni~at~~~ during 
synthesist a drug is considered to be nansterile it is passed through a 
steritizing grade filter. Generally, PET. centers can use c~mrner~~a~~y 
available, pre-sterilized filters ta sterilize these solutions, provided tha 
vendor has been shown to be reliable, the filter is ~~~~fied as ~~rnpat~ 
for the product, and it meets acceptable s~~~~f~~ati~ns. 

Before using filters from a pa~~cular lot, a sample s 
i~teg~ty to demonstrate that the membrane has the ability to retain 
m~cr~~rganisms* The manufacturer’s recommended method can be used. 

dition, the int~g~t~ testing of the membrane fiker should be 
rmed p~s~~ltrati~n to ensure that the fitter has pe~~rmed a~~~rd~ng to 

spe~:i~~ati~~s. This can be a~~~mp~ished by ~e~~rrn~ng the bubble- 
test to show that the integrity of the filter was nut ~~~~prurn~sed dur~~g OF 
before use. 

vir~nmenta~ rn~~it~r~ng is crucial to maintaining aseptic ~~~d~ti~ns~ 
r~bj~l~g~cal testing of the aseptic w~r~stati~~ should be pe~~rme 

periodically. methods can jnc~ude using swabs Qr contact plates for 
surfaces, and settling plates or dynamic air samplers for air ~ual~ty~ 

re~irn~~a~ draft oposed $ 212.~~(~ would require that PET drug pr 
pru~esses be vaf ted to ensure that they are capable of ~~ns~ste~t~ 
~rudu~t that meets all specifications. for a PET center that has an established hist~~ 
of PET drug pr~du~ti~~, validation of the ~ruduct~~~ przlcesses can be ~~~d~cted 
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r~tr~s~ectively~ ovided that the current process is su~~~~ed by adequate 
a~~um~tated da to support a conclusion that the process is ~Qrmalfy su~~~e~t4y 
capable of yielding batches meeting predetermined s~e~i~~at~~~s” Succl;essful 
retr~s~~Gt~ve validation involves a ~~m~rehe~sive review of acc;u 

control data according to a written protocol defining t 
The accumulated data should be su~ci~nt to verify t 

tent and should consider all changes to and failures 

ealfy, val~dat~~~ of a new process, or a sign cant change ta an already valid 
~r~~es~~ would be shown ~r~s~e~t~ve4y (i.e., efore any batches are distribute 
with r~trQs~ect~ve vajidat~~n~ prospective validatj~n should be conducted ac 

r~t~c~l and generalfy include at least three cQnse~utive acceptable 
runs. 

e short half-loves of PET drugs, a PET producer may decide to validate a new 
ta a validated process ~~~~~r~~~~~~.wit~ 
decision to rely on7 ~~neurr~nt val~dat~u~ s 

~~st~f~~d in writing and approved by the quality control unit, and, as with any val~datj~~~ 
~e~~rrn~d a~~~rd~~g to a written protocol. Each batch subject to a concurrent validation 
~r~t~~~~ should be processed in strict adherence to the written ocedures, fully tested 
~~x~~~t ~teri~ity~, and found to turnkey with al acedural and g My test re~u~r~me~ts 

rior to final r&ease. The PET producer sho weigh the risks and benefits ~aref~l4y in 
ing which type of va~jdati~n scheme to follow, giving preference to validating 
ivety, then r~tr~sp~ctive~y~ and finally ~~n~urre~t4y. r 

Syntheses of somE; PET drugs can be executed under automated or computer ~~ntr~~. 
In such cases, the ~~rn~ut~r progra shQu~d be validated to demonstrate that it is 
suitable for its purposes and is capable of producing vali 
~xarn~4~~ the c program used in the automated synthesis 

m~nstrati~g that acceptable ~~~d~~tiQn criteria for the PET drug ~~~d~ct 
ast three consecutive ~rQducti~~ runs. Subsequent changes or 
to the computer program should be revalidated. PET centers can rely 
by the software ur system vendor that the s~ee~fi~d steward was 

va4~dated and ver~~ed under its operating conditions. 

~~rn~~teri~ed systems should have sentient controls to prevent ~na~t~~ri~ed across 
or changes to data. There should be a record of asly data change made, the previous 

o made the change, and when the change was made. A back-u 
ava~lab4e in case of system breakdown. 

Regulatory Requirements 
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draft ~~ropQsed 21 CFR 212.6 would require the establishment 
tion of procedures for testing mponents, in-process materials, 

aniseed PET dru products. All neee tests of materials and prodcrcts would have 
to be do~~me~te . Each ~ab~rato~ also be required to have sampling and 

ocedures designed to ensure t duct containers and 
in-process materials, and PE 
. Analytical methods and te ave to be suitable for their 
ses. Reagents, solutions, and supplies used in testin 

e to be adequately controlled. The preventive maintenance, 
ures to make sure that the e~u~~rn~~~ is f~ncti~ning prop 
ented, A complete record of all tests related to the pr~du~ti~~ of a PET drug 

uld have to be kept to ensure comp~~a~~e with established spe~j~~at~o~s and 
) i~c~udi~g examinat~~~s and assays, as follows: 

* des~r~pt~o~ of the sample (i~cludi~g source, atch or tot ~umber~ date, an 
the sample was received for testing) 

a des&r~pt~o~ or reference fe. standard ~perat~ng proced~re~ to each method, 
any calcujatio~s or ight or measurement of the sample used for eat 

test 

of all data (~~~l~d~ng graphs, charts, and spectra) 

a statement of results of the tests an their relation to acceptance ~rjteria 

* The initials ur signature of the analyst and the date of the test 

212.60, a PET center ould have to have wrjtte~ test proce 
(see FDA rec~m~~endat~ons on standard operating procedures (SOP>5) that desc 
how to conduct each test for ~~mpo~e~ts* in-process materials, and finished p 

riate sampling and testing procedures waufd have to be established to ensure 
rug products conform to appropriate standards, inG~udi 
(e.g., relevant IJSP monographs~ of identity, strength, 

ould have to be suitable for their intended purpose and have su t 
city, and accuracy. If a USP analytical test method is used, it s 
e method works under the actual conditions of use. 

lter~ate testing methods can be used, r~vided the PET center has demonstrate 
~va~e~cy to the regulatory method. Analytical test methods should be 
L The FDA and USP have published ~nformatiun for determining the 

a~~r~~~~ate analytical parameters (e.g., accurat=y, precision, linearity, ruggedness~ that 
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iyses use reference standards. T centers should ~stabJ~sh the ref~r~~~~ 
id~nt~~~d in the a~a~~ti~al pro re or SOP. When 

s ~~tai~~d from an ~~~~all~ recognized sowce (e.g., 
es not need further testing if it is stored under c~nd~ti onsistent with the 
recommendations. However, if a PET center ~stabJ~sh~s its own referan~~ 

rd, data ta fully confirm the material~s identity and purity s Id be estabJish~d 
ented. ~Q~urnentat~~n such as reference spectra or 
entity and purity of the reference standard may be a 

supplier, 

212-6~(9~ ~qu~prn~~t ~~uJd have to be r~uti~~Jy cali 
ing ta the established writt procedures (see Secti 

centers should verify that the equj~ment is in od working ~~nd~t~~n at the time the 
samples are analyzed. 

ent or sofution prepared on-site sh~uJd be ad~quateJy co tr~jled (jncJudi~ 
temperature e~~tr~J~ if a~~J~cable~ and properly labefed with respect ta ~d~ntity~ 
~~mp~siti~n, and expiration date. 

test data (such as ~hr~mat~grams~ a, and outs) and any calculations 
h~uJd be documented and b part 0 batch ~r~d~~tJ~n and ~~ntr~J 

cords should have Jnf~rmat~~n such as the source of the test materials a 
of the appearance of the materiaf, the amount used, t t and acceptance 

riteria, and an entry for data and ~nt~rpretat~~~ of resufts. labor ry ~UntrQjs should 
cumented at the time of performance. ~~v~ati~~ from fritter 
be du~um~nted and justified. Any but-uf-s~~~ifi~at~~n results 
investigated and documented. 

* STABILITY TESTING 

ry draft J%oposed 21 CFF? 212.61 would require the ~StabJ~shment of a written 
stabjl~ty testing program for each PET drug product. T g-an-j w0uJc.j have to be 
used to establish suitab6e storage renditions as welf as ~x~~rati~~ dates and times. 

* Guidance on Stability 

The PET drug m~J~cuJe should remain stable during the course of storage of the PET 
ropriate parameters should be evaluated to establish and du~um~~.t 

af a PET drug product under proposed storage ~~~d~t~~ns. Examples of 
am~ters include radiuchem~~al identity and purity, a~~~aran~~~ pJ-4, stab~J~~~r 
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ctiveness, and specific activity. A~~r~~~iat~ stability-indicate 
~stingu~sh degradatiun products and impurities should be u 

the PET drug product should be performed at the highest r 
n, and the whole batch volume in the intended ~~nta~ner/~~~sur~ 

stored. At least three ~r~du~t~~n runs of the final product should be studied 
periud equal to the labeled shelf life of the PET drug product. 

Regulatory Requirements 

posed 21 CFR 212.7 would require that sp 
fQr each PET drug p duct batch, including 

if a~pr~prjat~, sterility. The proposed regulation cubed require the 
rocedures ta ensure that a product is not released until a~pr~~r~at~ 
completed, reviewed, and approved by an a~~~~priate releasing 

Pro 1 CFR 212-U bound require a PET center to reject PET 
fail acceptance criteria. The quality control unit would have 
segregate the prudent. There would have to be pred~termjn 

ting the cause of the problem sod ~repar~ng a timely 
a des~r~~t~~n of the corrective action taken, where a 

s of PET drug ~r~duct~~~ may di r from one site t 
specific im~~rit~es tu assess de ding on the me 

krypt~fix in FDG F 18, Approved NDA specifications, or th 
s~~cif~~at~~ns~ should be used. Under proposed fj 212.70, centers would 

at each batch of PET drug product meets its esta~l~shed acceptance cr~t~ria, 
~xc~~t for sterility (see Section X,C), before it is given final release. 

General Cha~t~r <85> ~a~~~~~~~ En 
I- g that is untended for inje~t~~n~ The harrn~~i~~d BET in Su 
F ntains gel-clot and ~h~t~rnet~c methods for end~t~x~n 

The P General Chapter ~71~ ~~~~~~~~y Tests provides information about media a 
incu on cQndit~u~s. Sterility testing should be ~e~Qrrn~d ~~t~~~ a day after the 
~~rn~~eti~n af PET rug ~r~duet~un in a controlled area sue as an LAFW with clean- 
r~~rn apparel. Ase tic t~~hn~qu~s should be used fur sterility testing. The greatest risk 
of false-~~sit~v~ results arises in the sampling and transfer of the test aliquat from the 
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vial to the media.. It may be convenient to appfy direct inoculatjon into commercial 
media. The media should be observed after days 3, 7, and 14 after inoculations but it is 
prudent to observe the media morn often during the first week of ~~c~bation~ 

If the result of any BET exceeds the acceptance limit, or if a sterility test is positive for 
microbial growth, a complete ~n~estjgat~~~ should be conducted ~mm~diateJy and 
documented. Corrective actions based on the results of the ~nvest~gat~o~s s 

demented promptly. 

* Accepting and Releasing a Batch (Lot) 

unit or designate should review all [abo~ato~ testing and 
the batch record to determine whether or not the PET drug product 
ce criteria. if the product has met a~~~~tan~e criteria, the ~ualjty 

sign and date the release sections of t record and sign a 
administrat~~~* in a larger PET center ere is a separate 

t, decisions made by the quality control u it to reject batches should 
ot be subject to further review or rev~catiun by another o anizational unit. 

Jn Mary cases, ations to this standard procedure for product release Y be 
appropriate. Fo ple, trans~o~at~on deadfines may justify a prerelease 
distribution before all elements of testing and review are finalized. Other than sterility 

‘I all end-product tests should be completed or in progress at the time of shipment 
ibution. Under proposed s 212.70, these tests would have to be completed prior 

to final release for human administration- hen it is determined that all acceptance 
criteria have been met, the PET center should then provide a not&e of final release to 
the receiving facility so that the dose can be given to the patient. There should be 
elective procedures for immediate notification of the receiving facj~ity if there is 
evidence of an out~of-specification result and for documenting the fate of such a drug 
product. 

PET drugs that have a very s ort half-!-fife (e.g., ammonia N 3) can be produced in 
rnu~t~~le sub~batch~~s un the same day. End product testing of the initial sub- 
be conducted, provided a su~c~ent number of sub-batches ~b~g~~ 
have been va~idated~ For routine production in this circumstances the release of 
subsequent sub-batches can be q~a~i~ed if the initial sub-batch meets all a~~~~tance 

n certain cases, testing each sub-batch for certain attributes prior to release 
ay be a~pr~~rjat~ (e.g., for pH determination in ammonia N-13 ~r~d~cti~n method 

using Devarda’s alioy catalyst). 

. Rejection and Reprocessing 

osed g 212.71(a), a batch of a PET drug roduct that fails to meet 
specifications would have to be rejected nd the quality control unit woul 
tify and segregate the product. Proposed 5 212.71(b) would require that 
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d~~~m@ntati~n of t e investigation oif a ~un~unf~rrn~ng product include the resufts of t 
investigation and final d~sp~sit~~n of any rejected product. 

CD.3 (d), a drug product may be reprocessed if preestablished 
(set farth in ~r~duct~~n and process ~~ntr~~s) are f~~~~wed and the ~n~shed 
forms to s~e~~~~at~~ns bef0re fin I release. When th 

sing is exercised, the event should e documented and 
eviation report. Examples of reprocessing could i~~f~de 
a ~ur~fi~ati~n column to remove an im~uri~, or a secqn 

fifter if the original filter failed the integrity test. 

draft ~r~~~sed 21 CR? 21283 wauld require that: 

uct be suitably ~aGkaged and labeled tu insure that the integrity 
aintajned during storage, handling, and shipping. 

e els and packaging ~~erat~~ns be ~Qntr~~led to prevent ~abel~n 
UpS. 

9 II informative stated on e G~ntajned in each 
record. 

regardless of the scope of operation of a PET center, appropriate measures should be 
taken to handle labels in a way that prevents mix-ups with any other labeling 

PET dads product should be labeled with adequate, tegibl identifying ~nfurmat~~~ to 
prevent errors uring storage, sh~~ment, and use. Labels can be ~~mputer ~~n~~ated 
or ha~dwri~e~. 

A string label ca used by PET centers ta label the jmmadiate cant ed 
that there is a w associate the label with the vial if the label were 
~~~er~~t a~~ruaGh~s can be used as long as the approach ensures that the required 

~rmati~n is ava~4ab~e on the label. A label identical to that affixed to the container 
ield s~~u~d be ~n~~r~urated into the batch ~rudu~t~~n record. A final check should 
ade to verify that the cclrrect label has been affixed to the G~ntai~er and the shield. 

for T centers traducing and distributing a large volume a-f rugs, the quality 
cant unit should verify the contents of each label for accura e~rn~~et~~ess~ 
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XII. 

proposed 21 CR? 212.90 bound require the dev~~~pm~nt of 
sure that only PET drug products that have been suitably released will 

e shjpp~d and that the shipment wift nut adversely affect the product. PET centers 
have to maintain distr~but~~n ret=ards for PET drug products. 

For PET centers distributing to a~iliated ~nstjtuti~ns, outside clients, 
pharmacies, ~nfurmat~Qn on the method of shipment and the G~nta~t 
~~st~~ati~n should be included. A system shoufd be in place by whi 
each batch of PET drug product can be readily de~errni~~d to permi 

A recall wc>ufd consist of ratifying the receiving facility, 
ysician, if known. khan the r~~~~v~ng facility disposes of the recalfed drug, 

pr~d~Ger should obtain a signed statement from the receiving facility 
recalled drug has been disposed of and describing t e manner in ~~~~~ it 

Preliminary draft proposed 21 CFR 212.t would require that procedures be 
&emented for receipt a hand~jng of all ~Qrnpla~nts pe~ajn~ng ta a 

g product, including review by the quality control to determine 
sp~cifj~at~~ns and ta initiate an investjgati~n into problem. A file for 

aints would have to be maintained. The file w d have to ~untain a 
the drug involved, the ~~mpla~~ant, the nature he ~eGurren~e~ 

~nv~st~gatj~~ and response to the Gumplaint~ A PET dfu oduct implicated in 
a ~~rnp~a~nt could not be reprocessed and woufd have to be des d in accordance 
with appl~Gabl@ Federal and State law. 

The suavity ~~~tr~~ nit should be respuns~ble for ~~ll~ct~ng as muc 
p~ss~b~~ about the rug and the nature af a complaint and fur co 

of the matter as soon as possible. Corrective action 
if there is any reason to believe that an adulterated d was ~rnp~~~at~d in 
t. Under proposed § 212.1~~~~~~ ~~rnp~aints would have to be ma~nta~n~~ 

in a file designated for that purpose. complaint files should be easily retrievable by the 
quality G~ntr~~ unit for review and trending. 
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Regulatury Requirements 

~~e~irn~~a~ draft proposed 23 GFR 212.1 IO(a) would require that alf records be 
majnta~ned at the PET center or another location that is reasonably accessible to 

onsibfe officials uf the PET center and FDA investigators 

90(b) would require that all records r~fere~~ad in 
m the date of release of a PET drug 

tion wound require that recor e stored at a PET center or another ~~~at~u~ 
onably accessible. A reason ly awessible focation is me that w 
PET center to make reques ecords available to an FDA invest 

reasonable periud of time during an insp~~t~u~~ The records wu~~~ have to be legible 
and stored in a manner that prevents their deterioration and/or loss. 

Forms far collecting data should be kept to a minimum by desi~~jn~ rnult~~~r~~se 
documents and el~rnjnatj~~ red~ndancy~ where possible. It is prudent to have as 
of the information mythic the batch ~r~d~Gti~n record as possible. Records ~a~ 
be ke nicalfy. 

oufd be kept include ~nfurmat~un relating to t 
g product and ~~erat~~n of the ~r~du~ti~n p 

txxards, u~t-uf-spe~i~Gat~un results, master and batch 
nd ~~rn~la~nt files. Records relevant to materials and P 

would have to e kept at least 1 year from the date of final release, 
should be kept as lung as the systems are in use. 
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